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I. nTTRODUCT ION 
A. The Nature ~ Time Series Analysis 
One of the f undamental characteristics of present-day 
industrial organization is t he instability of busL~ess activity. 
This is manifested in ~dividual businesses and in business as a 
whole. Business activity may be increasing or decreasing but it is 
seldQm static. Because they directly or indirectly affect profits, 
fluctuations in business activity are of paraTJlount interest to the 
business man; and their accurate statistical measurement and analysis 
is, consequently , a matt er of prime importance. 
A common method of analysis of business data is the co.mpar~ 
ison of 1.U1.adjusted data f or a current period with corresponding 
figures for some preceding period. Direct comparisons of business 
data, however, either as be tween the same months or periods of the 
same year or as between the same months or periods of different years, 
are in most cases likely to give rise to more or less misleading 
conclusions • because of the presence in the data of the effect of 
four influences, namely: secular or long-tenn trend, seasonal vari-
ation, cyclical variation and irregular forces. 
The general object of time series analysis is the isolation 
of these four f orces aff ecting t he data in 9rder that the past be-
* havior of the series may be compared with other series. Seasonal, 
* 4. p. 228. 
secular, cyclical, and irregular influences are so intermixed and 
blended t l~t it is difficult to distinguish one from another at any 
given time. 
In this thesis a time series analysis is made of the volume 
of business done by the United Linen Service in New Eng~~d from the 
year 1921 to the year 1951. An attempt is made to unravel or isolate 
the separate effects of seasonal variation, secular trend, and 
cyclical forces with consideration given to any irregul ar influences 
which are inherent in the original data. In the end we shall .have a 
measure of these taken separately. 
IfO is used to s~nbolize the original data, or volume of 
business in this case, T to symbolize trend , S to symbolize seasonal, 
c, cycle, and I, the irregular component, the relationship which pre-
vails among them may be stated as: 
0 = T X s X c X I. 
There is much controversy among economists ~~d statisticians 
over the true nature of time series and all do not a gree with the 
explanation given here o Gerl1tU"d Tintner*, for instance, is of the 
opinion that time series nre composed of two parts, a SI!looth part and 
a random. part. Eis use of the term "random" is close to the concept 
of random error and is not synononous ~th "irregular.° Frederick R. 
Macaulay** is inclined to doubt the existence of regular and persis-
tent movements which can be described by straight-line trends or 
*9 
**3, PP• 13-17. 
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simple polynomials. Although there is some controversy over the 
nature of time series., the division of the f orces into four categ ories 
is accepted by most e...'rld is most useful to the Emaly st. 
1. Secular Trend 
The basic tendency of an enterprise to graw or decline over 
a per i od of years is t he concept of the s e cular trend in a series. 
Visual inspection of a series plotted on an arithmetic or logarithmic 
chart will show whether it is increasing or decreasing over time. The 
problem is to measure this rate of grawth precisely in order to evalu-
ate deviations fra.m this average. The concept of trend logically 
assume s a smooth line of some type. because the movement is determined 
by those forces which work themselves out over a period of time; that 
is* as populat ion grmrt h. L~croases in the supply of capital equipment., 
improvements in teclmology., and changing const1Ill.ption habits gra..dual ly 
work their e f fects. 
Taken for a long enough period of time., any series of 
economic data. will show a decrease in rate of growth. Raymond B. 
Prescott has characterized this tendency as a "law of gratrth"* which 
applies t o all industries. This law eniliraces four stages: (1) Period 
o:f experiment a t ion,. during which t he e.ro.o1.mt of' e;rowt h is srn.e.ll; (2) 
period of grmvth into the social fabric; (3) period during which s rawth 
is retarded as the satt~ation point is approache d ; (4) period of 
sta.bili ty • 
... 7. pp. 471-479 • 
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DeclL~ing rate o£ growth is due to numerous factors. nn-
provements in the productive process are rapid at first, but in time 
have less e f£ect upon output. During the period when it is di£ficult 
to sat i sfy demand, pro£its will normally be high and expansion occurs. 
After awhile recourse must be had to the open market for funds. 
Eventually the point will be ree.c hed where funds, alt hough obtainable 
in large amounts • are small relative to the size of the business. 
Finally , as consumer desire in old markets becomes more or nearly 
satisfied, relative to that for other commodities, it becomes increas-
ingly diff icult to entice buyers from competing products and new 
markets may not appear. 
The statistical problem is first to decide what type of 
secular trend f its the data most closely and is a logical description 
of t hem, and second to .fit the trend of the type decided upon. This 
trend is an average of the normal tendency to increase or decline, 
and a s such it provides a base f r om which to measure deviations. 
2. Seasonal Variation 
The seasonal var i ation , most easily unders t ood of the four 
sources of change in tilne series, has two principal causes. The first 
is climatic. Agriculture is t he most obvious example. Because of t he 
limited gr~;ing season, the farmer 's inc ome and t heref ore purchases 
are unevenly distributed throughout the year. Mail order houses, 
banks, and railroa ds a re all affected by t he seasonality of 
a gricult ure. 
11 
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A seconu cause of seasonal variation is due to the customs 
and habitual behavior of people. The custom of buying new automobiles 
in the s pring is a seasonal influence in the automobile indust~J-
which is planned for by each company. Christmas and Easte1· increase 
the sales of retail stores far above the nor:ma.l. Mother's Day and 
Valentine's Day bring a run at the candy counter and the florist shop . 
It is obvious that seasone.l variation will characterize 
growing concerns as ·well as those which are on the decline. There 
will be a Christznas increase in retail sales even though general busi-
ness is extremely depressed. It is worth observing that a seasonal 
pattern may change either gradually or suddenly with the passage of 
years. Some series retain the same general pattern but change in 
• intensity gradually from year to year . It is_ therefore • wise to 
include data from fairly recent Jrears in the computation of se.asonal 
variation. 
3. Cyclical Variation 
This component of time series is entirely different from the 
seasonal variation·or secular trend. The long-te1~ trend of a series 
may be upvmxd and the seasonal regular, yoar after year, but the 
business cycle v1ill cause the data to fall below expe ctations or 
nonP..a.l in t:irr.es of depression or rise above the trend in a prosperous 
period. ·when separated from the other components of the time series, 
the cycle will pursue an oscillating movement upward and d~1nward, 
• 1, P• 371 . 
which in general tak:es a wave form, though the distances from the 
crest to the trough of the waves are uneven. The cycle has four 
phases composed of prosperity, recession, depression, and recovery. 
Cycles appear to operate somewhat on the principle of a 
pendulum. Just as a pendulum is pulled by gravity toward a vertical 
position, but tends constantly to move past its position of equilibrium. 
so is business _drawn toward an equilibrium by the forces of demand and 
supply. and so also do errors in one direction tend to progress into 
errors in the opposite direction.* 
Having isolated the cycle the conditions surrounding the 
cyclical fluctuations are examined for the purpose of determining any 
regularity inherent in it. With a lmowledge of the cyele short-run 
predictions may be made as an aid in planning for the future. 
4. Irregular Forces 
The fourth component of time series is a residual variation 
which cannot be explained satisfactorily in terms of the other three 
components. It is different from the others in that it reveals no 
definite pattern that tends to repeat itself or persist. They may be 
minor fluctuations, perhaps of random nature too small to be considered 
individually, or they may be important events such as wars, tlr strikes. 
These episodes may be important enough to distort the secular trend• 
seasonal, and cyclical fluctuations. They are, therefore, recognized 
and given due consideration in the time series analysis. 
* 1, P• 367. 
13 
B. Objectives of Time Series Analysis 
One use of time series analysis is to make accurate plans 
for the future. At some time in its existence every grmving enterprise 
is confronted with the necessity of building or acquirin6 new facil-
ities and an answer must be given to the following questions: Row 
large should these facilities be, and when should they be ready? The 
anm7ers involve principally an ~~alysis of secular trend and the 
particular statistical va lue needed is a measure of the annual rate of 
grovrth. With this the executive 1nay assume that the grcmth will con-
tinue as it hAs in the past, and so estimate the future time at which 
present facilities will have became inadequate. Thus the approximate 
date when new facilities are needed is estimated. If' a o;>•clice..l 
depression is expected before additional facilities are needed, it is 
advantageous t o wait until the depressi on IT~terializes in order to 
take advantage of lovrer labor and material costs. 
Indexes of seasonal variation are also used in planning for 
the future. In many companies preparation for seasonal demand ie 
facilitated by utilizing seasonal information. Deliveries of material 
and supplies, hiring of labor, and arrangements for transportation 
~acilities may all be keyed to the seas onal pattern of the enterprisee 
A second use o~ time series analysis is in determining the 
statistical position of an enterprise. Because secular trend measures 
the "normal" growth and the seasonal index measures the variation which 
reappears eac h year~ the combined influence is considered to be 
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normal when monthly data are being analyzed. With the cyclical 
variation under consideration the enterpriser may compare t he actual 
growth of his enterprise against t he normal and see whether he is 
do i ng better or poorer than usual. 
A third object in measuring the camponent influences affect-
ing time series is t hat once a type of variation r~s been pictured. 
management can more intelligently take steps to eliminate or iron out 
that particular variation. For instance. seasonal oscillations in 
business activity are a great source of wasta . largely because of 
idle plant during the off-peak season. Once a seasonal is realized 
the problem can be countered. Discounts may be offered to stimulate 
off-peak sales, n80f articles may be added to t he line with seasonal 
dernands opposite to the old, storage facilities may be provided so 
that seasonal variation can be ironed out even though the seasonal 
deme.nd persists. 
It is much more difficult to "call" the turning points in 
the business cycle once it has been determined. The lmowledge that 
business is far above norma l i nspire s caution since the downswing i s 
knmvn to be approaching . It is better to j udge t he position of the 
enterprise from the cycle camponent of the tline series than from the 
composite data. The oxecutive may then make a decision on the basis 
of this more simplified form rather t han at t empt to interpret complex 
movements fram the raw data. influenced in behavior by all of its 
components .. 
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C. The United Linen Service 
Now that time series analysis,. the analytical tool,. has been 
introduced, attention must be focused upon the organization for which 
the analysis has been made. Due to the confidential nature of the 
sales data contained herein, t he management of this organization is 
desirous of maintaining anonymity t hroughout this thesis. T l~ e name 
"United Linen Service" and t he branch citie s are fictitious, however, 
two of the branches are located in New Ihmpshire and the third in 
Massachusetts. The main Uew England plant is in Boston, Massac hus ett s . 
For this analysis , then, t he company is called the United Linen Service 
with the main plant in Boston and branches in Paxton, Massachusetts. and 
in Auburn and Marlboro, Nevr Hampshire. 
The Boston Company is a Massachusetts corporation which has 
been operating since 1897. The first United Linen Service Co.mpany was 
started in St. Louis • Missouri in 1886 and its early growth was accel-
erated by laundering linen f or the Pullman Company. In 1889 a 
company was established in Chicago, where the main accountine offices 
are located today. In 1951 there were thirty-six United plants,. 
branches , and linen supply offi ces with representation in most of the 
principal cit ies in the United States. The three branches of the 
Boston Company., Auburn, Pe..:rton, and Marlboro were opened in 1937, 
1943, and 1945 respectively. 
United Linen Service's customers consist of railroads., ocean 
liners, hotels, factories and retai l estab lishment s such as restat~ants, 
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bars, and grocery stores. The main items of linen supplied are coats, 
aprons, tawels. and dresses. 
Very little more can be said concerning United Linen Service 
without revealing its true identity. The earnings fi (Sures end prices 
have been supplied by the Assistant Managers and the General Manager of' 
the New Engla.'rld territory, without whose help and cooperati on this 
undertaking would be impossible. 
D. Industrial Backr,round 
The Linen Supply Association of' America is the only National 
Trade Association in the linen suppl;;r industry. It vm.s organized 
about 1920 but employed only a part-ti.-rne secretary and kept little 
statistical info:rm.a.tion prior to 1940, when the association was re-
organized. 
The purpose of this section is to provide a summary of' 
significant industrial information collected and compiled by the 
Linen Association of America between 1940 and 1951. The sources of 
the information are government reports, and data collected fram 
member companies. 
In 1940 the industry did approximately $100,000,000 worth of' 
business. In 1951 the sales were about ~S 287 ,000,000. This is a gross 
earnings increase of 187 per cent. In terms of 1940 dollars it will 
fi gure 74 per cent based on an average price increase in linen supply 
prices of 65 per cent from 1940 to 1951 . 
These increases shaw siGnificance when compared to other 
17 
18 
increases: 
Adjusted Sales 
Dollar Basad on 
Sales 1940 Prices 
Linen Supply 1940- 1951 • • • 18'7% 74% 
Disposable Personal Income 1940- 1950 17o% 5'7% 
Gross National Product 1940-1950. • 179% 62% 
All Eating and Drinking Places in 
United States 1940-1950 q • • • 205% 64% 
Linen service sales may be compared to other service in-
dustries. suc h as power laundries or cleaning and dyeing establish-
ments. The u. S. Business Census gives the figures for 1948 compared 
to 1939 . Linen supply sales increased near ly three-fold. while the 
number of companies in t he industry remained essentially the same. 
Power latmderL~g ea.rnL~g s increased two-fold. while the number of 
c ompa.nies rer:w.ined the same. Cleaning and dyeing went up more than 
four-fold, while the number of companies doubled. 
Comparing linen service sales and number of operating units 
in 1939 to 1943. the following results: earnings for all food stores 
in the United States vrent up three-fold. while number of stores 
dropped 11 per cent. All eating and drinking establishments increased 
earning s tt>.ree times • w-hile the ntunber of places went up 13 per cent. 
Barber and beauty shops vrent up 75 per cent in earnings while number 
of shops dropped 17 per cent. 
Haw does t he average linen supply price increase of 65 per 
cent .from 1940 to 1951 compare with increases in other prices? 
u. S. Consumers Price Index • • .8'7"/o 
u. S . Wholesale Price Index • .121'/o 
Labor Costs to Linen Suppliers • . 102% 
Textile Costs to Linen Suppliers. • .152% 
The number of plants in the linen supply industry remained 
about t he same from .1939 to 1948 . The Linen Supply Assoc i at ion esti-
mates a decrease from 1948 to 1951. A trend toward integration seens 
to be in the making ; that, the larger companies are abs orbing smaller 
finns. The major growth in the linen supply industry t ook place from 
1939 to 1948 . Since that period e;rowth r.as been very gra.due.l. The 
industry , in summary, ha.s had a fairly healthy development in the 
last decade. 
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II. SUMMARY 
Preliminary Analysis 
1. Dollar sales have increased 727 per cent since 1921. 
2. The quantity of linen served has increased only 407 per 
cent f or the same period of time . 
Secular Trend Analysis 
1. The average yearly rate of grovrth of United Linen's 
business volume in New England is 4 per oent. 
2. The average yearly amount of growth of the Boston 
plant's sales is $9.315; the rate of growth is not constant. 
3. The trend of business in Auburn. New Hampshire is at a 
decreasing rate and ~J decreasing absolute amounts. 
4. The average yearly amount of e;rawth in the Paxton 
plant's sales is $13.916; the rate of growth is not constant. 
5. The amount of data available on the Marlboro plant is 
insufficient to make a statement of yearly growth meaningful. 
!palysis of Seasonal Variation 
1. Seasonal variation for the total of N5W England Linen 
sales is s light. seldom exceeding 5 per cent fro.m the average. 
2. Naw Enbland sales are above normal in the Spring. Summer. 
and early Fall. and below in the l ate Fall and Winter. 
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3. Seasonal variation of Boston's linen sales is slight, 
ranging within 5 per cent above and below normal. 
4. Boston sales are law in the St1mrner and late Winter and 
above average during the rest of the yearo 
5. The seasonal variati on of the sales of the Paxton Company 
i s more pronounced. occasionally ex ceeding normal by 8 per cent to 
10 per cent. 
6. Smnmer and late Winter sales are below avera~e for the 
Paxton plant. 
7. The :Marlboro and Auburn plants exhibit the greatest 
amounts of sea sonal variation . fluc ·tuating from 10 per cent to 20 
per cent above normal and from 5 per cent to 15 per cent below normal . 
8. Winter sales are low for these two New Rampshire plants, 
while Summer sales are high. 
Analysis of~ Cycle 
1. The C;)rc le of Boston's snles is quite regular a nd approx-
:L"llatel:l 10 years in duration. 
2. The cycle is expected to oarry Boston's sales above 
normal during the next five years. 
3. The cyclical fluctuations of Auburn's sales are slight 
ranging between 5 per cent and- 10 per cent above and bel~~ normal. 
4. The cycle is of four years duration; and a slight 
recession appears evident in 1953. 
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5. Business is expected to be abo·ve normal in Paxton during 
the next five years. 
6. The cyclical fluct uations in the Boston and Paxton sales 
figt~es correlate quite closely. 
Co.mpar~ of United Linen Sales with National Sales 
1. National sales PAve increased 187 per cent between 1940 
and 19~ while Boston's sales increased 103 per cent_ and Auburn's 
sales increased 202 per cent. 
2. The standard deviation of National sales is 6 per oent; 
Boston's sales. 4.2 per cent; and Auburn's sales 7.3 per cent. 
3. Much of Auburn's deviation in sales is below normal_ 
while :National Sales and Boston sales deviate largely above normal 
during the period 1940-1951. 
4. The cyclical fluctuations of the National sales corre-
late more highly with Auburn's sales (+.64) than with Boston's (+.37). 
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III. ADJUSTMEIIT OF SALES 
A. Presentation of Dollar Sales 
The object of this analysis is to show the secular trend~ 
the seasonal variation. the cycle and irregular forces inherent in 
the sales of the United Linen Service. Time series analysis of t he 
physical volume of linen served would be the simplest and most logical 
data with which to work. Unfortunately these data are not available. 
However, with same mathematical manipulation. dollar sales or gross 
earnings fi sures are used with little loss of accuracy. Sales when 
deflated by an index of linen prices give a satisfactory measure of 
the quantity or volume of linen served. This process is demonstrated 
and explained thoroughly in Appendix A. 
Initially sales figures are presented for Boston and ea oh 
branch of ·the United Linen Service in New England. Table I and Ch..art 
1 will sh~f at a glance the historical growth of sales in each terri-
tory and in New England as a whole. In each case the grm'lth is 
gradual and reasonably steady until 1941 . It was · in this year that 
the linen prices were increased approx~~tely 25 per canto As a 
nat ural reaction dollar sales in all cases increased considerably. 
Further price increases in 1947 and 1948 caused dollar sales to rise 
eVen hi~her. It is the influence of these rising prices which must 
be ironed out before the elements of the time series can be isolated. 
23 
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TABLE I: YEARLY SALES OF UNTIED LINEN SERVICE 
NEW ENGLAND 1921-1951 
---, -- -
Year, Boston Auburn Paxton Marlboro New England Fer Cent 
(in dollars (in dollars (in dollars (in dollars) (in dollars 
1921 141,562 N.A. N .A. N.A. 141,562 100.0 
1922 144,166 N .A. N .A. N.A. 144~166 101.8 
1923 173,950 N .A. N .A. N .A. 173,950 122.9 
1924 179,259 N .A. N .A. N .A. 179,259 126.6 
1925 200~752 I N .A. N .A. N .A. 200,752 141.8 
1926 224~258 N .A. N .A. N .A . 224~258 158.4 
1927 182 I 837 N .A. N .A. N .A. 182,837 129.2 
1928 175,733 N.A. N .A. N .A. 175,733 124.1 
1929 187,617 N .A. N .A. N.A. 187,617 132.5 
1930 197,901 N .A. N .A. N .A. 197,901 139.8 
1931 208,535 N .A. N .A. N.A. 208,535 147.3 
1932 190,181 N .A. N .A. N.A. 190,181 134.3 
1933 188,185 N .A. N .A. N .A. 188,185 132.9 
1934 222,240 N .A. N .A. N .A. 222,240 157.0 
1935 228,845 N .A. N .A. N .A. 228,845 161.7 
1936 258,804 N .A. N .A. N .A. 258,804 182.8 
1937 279,388 12,775 A N .A. N.A. 292,163 206.4 
1938 265,158 27,244 N .A. N .A. 292,402 206.6 
·1939 263,159 39,986 N .A. N .A. 303,125 214.1 
1940 263,781 46,665 N .A. N .A. 310,446 219.3 
1941 290,191 57,;400 N .A. N .A. 347,591 245.5 
1942 339,844 68,526 N.A. N .A. 408,370 288.5 
1943 336,325 71,764 22,938 B N .A. 431,027 304.5 
1944 370,275 91,549 54,133 N .A. 515,957 364.5 
1945 403,666 78,625 82,797 41,881 c 606,969 428.8 
1946 424,402 90,686 114,262 80,587 709,937 501.5 
1947 479,059 118,710 154,602 109$.396 861,767 608.8 
1948 485,307 118,039 159,041 114,734 877,121 619.6 
1949 476,020 119,392 165,395 122,245 883,052 623.8 
I 1950 482,993 123,326 174,509 133,531 914,359 645.9 1951 535,927 141,029 I 203 '720 I 149,063 ~029,739 727.4 
--
A 8 Months B 7 Months C 10 Months 
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It wil l be observed that dollar sales have increased 727 per 
cent in the New England territory s ince 1921. One cause of t h is t r e-
mendous grovrth has been the inc r eases in linen pr ices of the last 
decade. Another more significant cansit ive factor has been the emer-
gence of bra.'lc h companies_ first in At~burn_ New Hamp s hire. tr.:en in 
Pax·bon_ Massachusetts. and lastly in Mar lboro, New Hampshire. Boston 
has always been the l eader in sales and in 1951 Paxton r ank:e d second. 
Marlboro third. and Auburn fourth. 
Population change in the New Engl a.'ld territo~r appears to 
bear little relationship to t he changes in the volume of sales. The 
population change has lagge d far behind t he increases in sales of 
United Linen Service shmving clearly that sales are very remotely 
connected with population changes. The followint; figures represent 
percentage change in ~Jew England populat ion compared vri t h percentage 
change in sales of United Linen in New England. 
1920 - 1930 
1930- 1940 
1940 - 1951 
Increa se in Sales 
of United Li nen 
57fo 
232% 
B. Presentation of Adjusted Sales 
Increase in 
Population 
1~ 
Si nce the price indexes have been computed. the sales 
figures now can be deflated. the r esult being sales in terms of 
physical quantities of linen served per year. 
26 
Adjusted sales are shown in Table II. It is quite inter -
esting to note that although gross earnine;s have increased 727 per 
cent in Hew England., the voltu:ne or quantity of linen served has in-
creased only 407 per cent. 
In preparation for the trend analysis., adjusted sales for 
each branch e.nd New England have been charted on an e.ritlEetic and a 
semi-loge.ritl~io grid. This is shown in Charts 2 and 3. A comparison 
of these curves with the dollar sales shmvs that much of the growth 
of the 1940's was due to price increases. The effect of these in-
creases has been to bring in more earnings • while the amount of 
business drops off temporarily. When the price of linen goes up. the 
customers show a tendency towards keeping the linen fer e. longer 
period of time. This results in fewer orders; hence smaller amount 
of business. The price increase of 1940 did not depress the amoun·b 
of business nearly so much as did the second and third increases. 
recovery from which resulted in 1951. 
The rate of growth of each United Linen Serv~ce Company is 
leveling off, while the rate of growth for the entire New England 
territory is on a constant increase due to periodic expansion into new 
areas. The hie;h volume of business for New England in 1945 and 1946 
is due t o the f' ollcwing factors: 
1. No price increases since 1940 with 
rislng wages and cost. 
2. The rocent acquisition of branches 
in Paxton and Marlboro. 
3. Period of cyclical prosperity. 
27 
28 
TABLE II: ADJUSTED SALES OF UNITED LINEN SERVICE 
NEVf ENGLAND 1921-1951 
Year/ Boston Auburn Paxton Marlboro · New England 1Per Cent 
(in dollars) (in dollars) 1/ in dollars) (in dollars)(in dollars) 
1921 141,562 N .A. N .A. N .A. 141,562 100.0 
1922 144,166 N.A. N .A. N .A. 144,166 101.8 
1923 173,950 N .A . N.A. N .A. 173,950 122.9 
1924 179,259 N .A. N .A. N .A . 179,259 126.6 
1925 200,752 I N .A. N .A. N.A. 200,752 141.8 
1926 224,258 N .A. N.A. N .A. 224;258 158.4 
1927 182,837 N .A. N .A. N .A. 182,837 129.2 
1928 175_,733 N .A. N .A. N .A. 175,733 124.1 
1929 1B7,617 N .A. N .A . N .A. 187,617 132.5 
1930 197,901 N .A. N .A . N .A . 197,901 139.8 
1931 208,535 N .A . N .A . N .A. 208_,535 147.3 
1932 190,181 N .A. N .A. N .A . 190_,181 134.3 
1933 188,185 N .A. N .A. N .A. 188,185 132.9 
1934 222,240 N .A. N.A . N.A. 222,240 157.0 
1935 228,845 N .A . N .A . N .A . 228_,845 161.7 
1936 258,804 N .A. N .A. N .A . 258,804 ·182.8 
1937 279,388 12,775 N .A . N.A. 292,163 206.4 
1938 265,:1.58 27,244 N .A . N .A . 292.,402 206.6 
·1939 2631139 39,986 N .A . N .A. 303,125 214.1 
1940 263,781 46,665 N .A. N .A . 310,446 219.3 
1941 230,310 45,556 N .A . N .A. 275,866 194.9 
1942 269,717 54,386 N .A. N.A. 324_,103 228.9 
1943 266_,925 56~956 18,205 N .A . 342,096 241.7 
1944 293., 869 72, 658 42.,963 N .A. 409,490 289.3 
1945 320,370 62,401 65,712 32,977 481,460 340.1 
1946 336,827 71,973 90,684 63,454 562,938 397.7 
1947 313,110 77,588 100,390 701578 561,666 396.8 
1948 287,179 69, 524 93,166 66, 469 516,338 364.7 
1949 267,427 67,074 92,399 67,539 494,439 349.3 
I 1950 271,344 69,284 97_,491 73_,774 511,893 361.6 1951 301,083 79,22 9 113, 810 82,355 576,477 407.2 
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Observation of the depression years following 1929 shows 
that the volume of business does not plunge as general business did 
in the same period. .Among the largest users of linen are hotels and 
restaurants, which did not curtail their linen rentals during the 
depression. The reason behind this being that an establishment with 
clean linen has a superior position and will attract customers even 
in adverse times.. A more complete imrestigation of these data will 
be made in the trend analysis and analysis of cyclical variation. 
31 
IV. TREND .AN.ALYS IS 
Now that the irregular factor of price has been removed 
frcm tl<..e data by adjusi::nent , the trend analysis can be undertaken. 
Observation of Chart 4 reveals the New England adjusted sales of the 
United Linen Service plotted on a semi-logarithmic scale. The data 
is studied in this manner, because it is a logarithmic progression 
increasing at a constant yearly rateo 
The method of least squares bas been used to determine the 
trend line and the yearly rate of growth. The least squares trend 
computations for New England sales and branch sales will be found in 
Appendix B. 
The average yearly rate of growth is four per cent. It may 
be seen that the trend line for New England sales appears to be steep-
er than those of Boston., Auburn., Paxton or Marlboro. This is only to 
be expected since the sum is always greater t.ha.n any one of its 
component parts. 
Since it is now !mown that New England's sales are rising 
quite steeply at a yee.rly rate of four per cent, this knowledge may 
be put to w·ork in estimating the future level of business. This has 
been done by simply adding four per cent to the "normal" sales of the 
previous year and raising this fi gure to the current price level. 
32 
(T
ho
us
an
ds
 
o
f 
D
ol
la
rs
) 
10
00
 
90
0 
80
0 
70
0 
60
0 
50
0 
40
0 
30
0 
20
0 
10
0 19
21
 
19
24
 
CH
AR
T 
4:
 
AD
JU
ST
ED
 S
A
lE
S 
OF
 I
DH
TE
D 
L
lli
llN
 S
ER
VI
CE
 
-
-
-
-
NE
W 
EN
GL
M~
D 
19
21
-1
95
1 
lE
A
ST
 S
QU
AR
ES
 T
RE
ND
 L
IN
E 
19
27
 
19
30
 
19
33
 
19
36
 
19
39
 
19
42
 
19
45
 
19
48
 
19
51
 
C>
1 
CR
 
The same result may be obtained by extending the trend line in Chart 
4 and reading the yearly values frcm it. The expected sales for the 
next five years in terms of past rate of growth are shown be1~t 
1952 
1953 
1954 
. . . . . 
• e e • e II e • 
• • . . . 
1955 • • • • • • • 
1956 • • • • • • • 
At this point it should be understood that a completely 
accurate forecast is impossible~ since it would be necessary to knou 
in advance the future behavior of the business cycle and irregular 
forces. The irregular f orces can rarely be foreseen~ but their in-
fluence usually manifests itself in minor month-to~onth movements 
rather t :r.an in broader swings which are apt to throw the forecast off. 
Movement s due to changes in the business cycle are of considerable 
importance and their influence upon the forecast will be considered 
in Part vr. 
B. Boston 
A cursory examination of Boston's adjusted sales plotted on 
an arithmetic chart (Chart 5) shows tlat they are extremely well 
suited to the arithmetic straight line trend~ as the absolute amount 
of growth over t ime appears to be constant in contrast to New England's 
constant rate of growth. The semi-log chart of the Boston data shows 
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a fairly constant rate of gr01rth, but there is some amount of t apering 
off i n the late 1940's. A geometric straight line could also be fit 
to t his ~arie s , hmtever, the arit hmet ic straight l i ne proves to be a 
better fit. 
The average yearly amount of growth, determined by the 
met hod of least squares is equal to $9,315. The forecast of earnings 
ia accomplished most easily by addi ng successive increments of the 
yearly amount of growth to the trend normal sales fi ~~re for 1951 of 
$560,869. The forecast for the next five years is shown below: 
1952 •••• • • - • $570,184 
1953 •••• •• •• $579,500 
1954 • 
1955 • 
i) • • • • • 
• • • • • • 
1956 • • • • • • • 
c. Auburn 
• $588,815 
• $598,130 
• $607,445 
As may be seen from Chart 6, the vohune of business done by 
the Auburn branch is changing at a decreasing rate and by decreasing 
absolute amounts. The trend rises gradually until 1949 when a slight 
decrease begins to occur. It would appear that Auburn's period of 
initial growth and expansion was rather short- lived and the saturation 
point has already been reached. It would seem that new customers must 
be secured in order to keep Auburn's sales from staying constant or 
decreasing. 
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In order to fit a trend line to the Auburn data., a curve of 
a higher order is needed. The second degree parabola is used in this 
case. The curve is but one degree more complicated than the straight 
line. It differs in that its slope is continually changing in such a 
way that the curve has one bend. 
The five-year forecast of sales for Auburn is not as opti-
mistic as was the case in the previous two series. A constant decrease 
in earnings seems to be inevitable unless conditions creating the 
trend are changed. 
1952 • • . . . . . • • $126.,609 
1953 • • • • • . • . • $122,766 
1954 • • • • • • • • • $117, 710 
1955 • • . • • . . 0 • $111,440 
1956 • • • • • • • • • $103,956 
D. Paxton 
A straight line trend has been fit to the Paxton data on an 
arithmetic grid. In most oases trends are not fit to time series 
ranging for less than ten years. The reason for this being that undue 
weight may be given to the phase of' the business cycle from which the 
data has been taken. Before any trend computations were made for 
Paxton., the author has made certain that no cyclical difficulty is 
distorting the true trend of the seriese Observation of Chart 7 will 
show that a complete cycle !>As been included with the prosperity 
period in the years 1946 and 1947 and the depression period in the 
38 
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years 1948 to 1951. Moreover. in order not to give undue weight to 
periods of depression or prosperity. t he trend period. fortunately 1 
be gins and ends with the same ph~se of the business cycle. 
The trend of Paxton's sales is increasin .n,; rapidly over time. 
The method of least squares gives an amount of growth of $13 1 916 per 
year. The forecast of sales for the next five-year period is obtained 
by adding multiples of the annual growth to $204 1 597 1 which is the 
1951 trend ordinate raised to the level of prices at the present time • 
1952 . . . . . . . . • • $218.513 
1953 • • • • • • • • • 
1954 •• • • • • • • • • $246.345 
1955 • . .. • • • • • • • $260-262 
1956 • • • • • • • • • 
E. Marlboro 
After an e:xrunina.tion of the graph portraying I1:a.rlboro's 
volume of business. it may be seen that there is ~1 insufficient 
amount of data to justify any mathematical method of trend fitting. 
It would appear from the graph of annual figures t hat we are viewing 
the customary rapid growth of the first fev1 years of operation. This 
rapid climb at t he beginning may be seen in the Boston1 Auburn. and 
Paxton figures. If a trend ware fit to the data as it appears here. 
the growth would probably be exaggerated and the volume of business 
would fall quite short of the trend in the future. 
40 
A more realistic picture of the data is a ccomplished when 
the monthly adjusted sales fig\~es are plotted on an arithmetic grid, 
Char·t 8 . Here we see the volume expres sed in smaller increments and 
t he type of growth can be more easily seen. The series shows rapid 
growth f r om 1945 to 1947. In 1947 and 1948 price increases tend to 
impede t he growth, but recovery is witnessed in 1949, and the growth 
is rapid to 1951. 
A free - hand trend has been fit to the data for better under-
sta.Ylding of t he past growth. Ho attempt will be made to forecast by 
projecting t he trend, due to ins uf fi cient amount of data. The free 
hand method used consists of con.nectinc the cyclical peaks and de-
prcssions with appropriate curves. 
from the upper and lower curves. 
determine t he shape of the trend • 
The trend line is fit equi distant 
The two bends in 1947 and in 1949 
It is quite probable t hAt the 
curve will bend several more times within the next decade, presumably 
about some more stable expression of trend. There is no way of 
determining at this tine whether t he trend will eventually result in 
an arithmetic stra i ght line, geometr ic straight line, or parabola. 
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V. ANALYSIS OF SEASONAL VARIATION 
A. Edit:iilg ~Monthly Sales 
An examination of the monthly sales figures shows that 
within each twelve~onth period the changing seasons create a more 
or less regular oscillation in the amount of sales. The seasonal 
variation i s a persistent and recurring variation which should be 
separated from the other movements in the time series. 
The grmrlh element in the time series has been measured. 
and nov: the task rernains to express the monthly sales in relationship 
to normality in the hope that this relationship will exist into the 
.future . If each month were subject to the same a..rnount of business 
activity, t he monthly increase in sales would simply be one-twelfth 
of the yearly increase. Unfortunately • this is not realistic, s inca 
custom and clbnatic conditions change the sales of . one month in 
relation to others. For e~rnple, it will be seen later that tl~ 
sales of the New Hampshire plants increase above normal during the 
Smnmer, due to the influx of vacationers to New Hampshire. 
Some of the variations which occur in tha monthly sales of 
the United Linen Service are not due to climatic conditions, but are 
traceable to increases in linen prices and peculiarities of the 
calendar. Here again sales figures have been adjusted to eliminate 
the influence of changing linen prices. The peculiarities of the 
calendar are based upon the fact that the months vary in number of 
days. For example. February often appears to be a month of 1~ 
business activity. Actually the sales per day may be large. consider-
ing that this month has only twenty-eight days. 
The data are put on a calendar day basis by adjustment. 
These adjustment factors show the amount by which the values of each 
month should be raised or lcwered to secure an estimate of the sales 
which would have been attained each month if all months had the same 
number of days (30.4167). 
B. Comparison of Seasonal Indexes 
For comparison purposes. the seasonal indexes have Qeen 
plotted graphically (Chart 9). It may be seen that New England 
taken as a whole. shows a very slight ~mount of seasonal variation. 
Business seldom fluctuates more than five per cent above or below the 
100 per cent line. The index of 94.6 per eent for January is the 
maximum deviation from normal. The sales are below normal in the 
late Fall and Winter months and sli ~:htly above in the Spring. Summer • 
and early Fall months. 
Boston also only varies about five per cent above and below 
normal. but the seasonal pattern is somewhat different w2th low sales 
in the Smmner and late Winter and ab9ve average sales during the rest 
of the year. Paxton's seasonal pattern is quite similar to Boston's. 
Sales of the Paxton Company. however, deviate from the normal more 
radically than do Boston's sales. 
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Marlboro and Auburn show the greatest amounts of seasonal 
variation. fluctuating fro.m 10 per cent to 20 per cent above normal 
in the Summer and from 5 per cent to 15 per cent below normal in the 
Winter. The seasonal patterns of the Harlboro and Auburn plants show 
a high degree of direct correlation with each other and inverse 
correlation with the Boston and Paxton series. 
The reason for the high Summer sales in Marlboro and Aubt~n 
is due to the fact that many of the resort areas which are big users 
of linen are open only in the Summer. Conversely. one reason why 
sales are not good in the :Massachusetts cities of Boston and Paxton 
is that a good many industrial linen consumers close down for several 
weeks to t; i ve t heir employees StUlllller vacations. 11any of these people 
on vacation go up to New rW®pshire and give business a Rboost" there. 
Bostan' s restaurants and hotels also tend to order less linen in the 
Summer. The reason for this being that employees prefer to work in 
·their shirt sleeves. and refuse to wear heavy white duck aprons and 
coats. 
All of the companies experience a decrease in sales from 
October to January. and an increase from January to May. The reason 
for t he low sales volume in December and January is because the linen 
supply indust~J is not directly involved in Christmas trade. A great 
deal of money is spent during this period on other items; and users 
of linen in a wave of economy cut down their rental of linen. 
The exact seasonal indexes may be read from Table III. 
These indexes give management a guide in planning the labor force. 
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48 
storage facilities, and purchasing in terms of seasonal demands. 
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VI. MIALYS IS OF THE CYClE 
A. The Meaning ,££. ~ Bus:iness Cyole 
Because the cyclical element in time series is uniform 
neither in time duration nor amplitude. it is impossible to calculate 
a measure of "typicaln variation. The cycle although persistent and 
continually repeated~ does not assume so uniform a pattern as to make 
either its coming or its going easily predictable. In order to make 
headway in the analysis of the cyclical vari::rl; ion. it r.LS.s been sep-
erated from the other elements of the time series. 
It must be recognized that the term "c:>rcle" should not be 
interpre·ted too strictly • since cycles vary greatly in length and 
reflect random changes as well as irregular influences such as wars 
and strikes. The term "business cycle" may be misunderstood if' it is 
regarded as implying a certain regularity of wave-like ups and downs 
of business. The general business cycle • for instance • when charted 
over a long period of time appears more like a chance grouping of 
. * accidental happenings. 
Actual sales divided by the trend or normal sales for any 
given year will give a cyclical relative either above or belm• a 
normal of 100 per cent. No matter what shape the trend assumes, 
whether it is an arithmetic straight line. a geometric straight line 
or second degree parabola. the 100 per cent line. which ap pears on the 
charts showing the data adjusted for trend. will always be a straight 
line horizontal to the base. Since the original items are reduced to 
percentages of trend. whatever the trend value may be it becomes 100 
per cent. U is considered no!"!P.al for the company to realize each 
year the average amount of growth computed for the series as a whole. 
Then the trend is viewed as a set of normal values and the cyclical 
r e latives that are computed each year describe the per cent of normal 
attained by the company each year. Appendix D gives the mathematical 
computations involved in securing the cyclical relatives. 
B. Analysis of Cy:olioal Variation 
1. ~England 
New England's cyclical relatives when plotted (Ch~ 10) 
present a most irregular business cycle. This irregularity in ampli-
tude is due to the fact that cyclical influences from four companies 
exist in the series. Three of these emerge after 1937 11 while actually 
only the Boston plant existed prior to this peried.. In order to per-
cieve any degree of regularity in tl~se data. we must go one step 
further and analyze the cycles of each individual company. 
The greatest percentage increase in New England' a volume of 
business appeared be-tiween the years 1941 and 1946. This is to a great 
extent due to the irregular factor of expansion into new areas rather 
than strictly the influence of the cycle. The greatest period of 
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recess i on a ppears between 1926 aEd 1~3 with an all-t ime l ow of 78.86 
per cent of normn.l in 1933. This fluctuation ~;as , of course, almost 
entirely responsib l e to the depresse d general business conditions of 
t hat per i od . As was r:!ent ione d earlier Fni ted Linen Service' s sales 
v ol'tnne v:as not as sev'3rely aff ected as business in genere:.l even in 
this extremely depressed period. 
Alt hough variations in amplitude exhibit no consistency, by 
olose obse r vation it may be porceived that the time element fram peak 
to peak and from trough t o trough is fairly constant approximating a 
ten year cycle. The years 1949 - 1951 have b een ranging around normal 
and it would appear that another high point is apt to be reached in 
1956 (1946 + 10 years). However • in turning to the cyclical analysis 
of the component parts of this New England series, a more refined 
analysis rr~y be made. 
2. Boston 
The computation and charting of cyclical relatives for 
Boston give s more sa tisfactory results. Here there is a great amount 
of regularity in both amplitude and time duration of the business 
cycles. The Boston fi gures in contrast to those of New Ens land are 
consist ent with themselves. There are no periodic additions of large 
increments of business volume into the series with a resulting dis-
tortion to the size of the cycle. 
The duration of the cycle ranges from nine to eleven years 
with the peaks in 1926, 1937, a.'1.d 1946 and the depressions in 1922. 
52 
1933, 1941, and 1950. The peaks in too cycle ol:imb as high as 115 to 
120 per cent of normal and then turn down to depressions of 85 to 90 
per cant of normal. The fluctuations of the business cycle are same-
what greater in times of prosperity than in depression periods. 
The isolation of a regular cycle, such as this, coupled with 
extrapolated values of trend given the United Linen executive an 
excellent tool for forecasting and planning for the future. The 
volume of linen rented appears to maintain the same pattern through 
such irregular events as wars and strikes. It would seem logical to 
expect a gradual cyclical recovery from t he low point in 1960 of 
87.6 culminating in prosperity in the years 1955 to 1957. In the 
years 1955 - 1957, we should expect sales ten to twenty per cent higher 
than the estLmates based upon projection of the trend. 
3. Auburn 
The cyclical relatives of Auburn's adjusted sales are plotted 
on Cl~t 11. The business cycle is of shorter duration than Boston's. 
This is a four year cycle with high points in 1940, 1944, 1947, and 
1951. The depressions occt~ in 1941, 1945, 1949. The cycle is of 
fairly constant amplitude with the exception of the year 1944. 
The cycle ranges between five per cent and ten per cent 
above and below the trend or normal. This amount of fluctuation is 
quite small and forecast of sales will be influenced only slightly by 
cyclical variations. 
The cycle appears to have reached its peak in 1951. A 
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normal cyclical condition is expected in 1952 leading to a five to 
ten par cent drop below normal in 1953. In 1954 normality ~11 again 
be approached and 1955 should be a oyclical high if the pattern of the 
past continues to a reasonable degree into the future. 
4. Paxton 
Chart 11 also shows the isola·cad bus iness cycle in Paxton's 
volume of business. Unforttmately t he company has not been in oper-
ation long enough to shaw much concerning t he cycle. The law cyclical 
relat ives of 1944 and 1945 are largely due to the fact that business 
had just started to expand. The peak in 1947 and dip in 1950 indicate 
a six year cycle, but data for a longer period of time are required to 
be certain. 
It does appear certain that the cycle is on the upswing and 
very likely the forecast of earnings will fall below actual earnings 
due to the impending period of prosperity. Any analysis of cyclical 
variation for the volume of business in Marlboro would be futile since 
the company has been in operation only a little over five years. 
c. Comparison of Business Cycles 
When one series is compared with another to determine -the 
relationship of their movements in the business cycle, one further 
step is necessary. The Boston series vnth cyclical relatives ranging 
from 85.19 to 121.71 is to be compared with the Auburn series with 
relatives ranging from 89.09 to 115.63. Obviously a fluctuation o£ 
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10 per cant in one series has an en·!;ire ly different significance from 
a fluc tuation of 10 per cent in the ot her . In a study of the time 
relationship of the cyclical movements in two or more series,. it is 
best to reduce t he cyclical relatives to a comparable basis. 
The method used to accomplish t hi s is to divide each series 
of relatives by its standard deviation (Chart 12). It is known that 
99 to 100 per cent of the values will fall within the mean or average 
plus or minus three standard deviations, asstwing an approximately 
normal distribution of values a b out the average . The result of this 
computation is then to give three series which will tend to fluctuate 
between the limits set by plus three and minus tPree standard devi-
ations. 
The standard deviation of t he Boston series is 9.55,. 
Auburn's is 7.98, and Paxton's is 14 . 86G This comparison of standard 
deviations shows that the sales of the Paxton ple.nt deviate fran 
normal almost twice as much as the sales of Boston and Auburn. The 
sales in Boston and Auburn are less affected by the business cycle 
and adhere more closely to the secular trend line. 
In comparin g the Auburn cycle vlith Paxton's,. it may be seen 
that growth during the first few years of operation is similar. The 
first years are belcrw normal followed by a steady rise ab ove normal 
and an abrupt halt in 1939 for Auburn and 1946 for Paxton. Plateaus 
are formed and then business sv.1.ngs down again. These curves of 
initial grovrth are almost identical except that the growth of Paxton's 
business was above normal for a longer period of time. 
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After the growth period is passed, the Paxton series 
correlates quite highly with the Boston series. The vohnne oi' busineas 
in PaA~on fluctuates regularly with tl~ Boston series with no lead or 
lag in time duration. The AubL~n series is affected by a business cycle 
of shorter duration; neverthless, correlation with Boston is high 
except in 1944, 1945, and 1951. 
The large cyclical deoline of the Auburn series in 1945 is 
most unusual since both of the other series are increasing. An in-
vesi;igation into this shows that in this year the Marlboro company was 
opened and it took some of Auburn's business. The cyclical decline 
would not have been so exaggerated had thi s irregularity not influenced 
the volume of business. 
The 1944 and 1951 peaks in the Auburn data are largely 
cyclical, as the business cycle is of shorter duration. The close 
correlation between the businesses in Paxton and Boston is expected to 
continue into the future. Any differences in their futtu-e cyclical 
movement s should be examined carefully to determine the cause of this 
i r re gul e.ri ty. 
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VII. COMPARISON OF UNITED LDrEN SERVICE SALES WITH NATIONAL SALES 
A. Purpose and Methods ~ Ccml'!:rison 
The volume of business of each of the New England companies 
has now been analyzed over time with regard to seasonal variation, 
cyclical variation, and basic trend. Comparisons have been made 
between companies. One task remains and that is to compare the stand-
ing of the United Linen Service to the industry of which it is a part. 
This is done in an attempt to dif!cover whether United's volume of 
business is obtaining an increasing, decreasing~ or constant ahare of 
the industrial totala 
It has been demonstrated that the business cycle of each 
c ampany differs somewhat from the others. A comparison of Boston and 
Auburn with national figures has been made with respect to business 
cycles. Similarities and differences between the cycle of any company 
with the national cycle should prove quite revealing to the executive. 
As a final step,a correlation analysis between cycles has been made 
in an attempt to verify conclusions made by visual observation. 
National sales figures have been obtained from the Linen 
Supply Association of America. Previously the study was concerned 
with adjusted sales figures which represent sales if prices had been 
held constant. Volume of linen served or quantity fi gures are not 
obtainable on a national scale due to the inconsistency of price 
59 
increases throughout the country. It is known that the average 
nationa l linen price increase between the years 1940-1951 was 65 per 
cent . The average price increase of the United Linen Service in New 
England for the same years is 78 per cent. The comparison of national 
gross sales with United Linen Service gross sales can be made only 
when it is recognized t:P.a.t tho later is overstated 13 per cent due to 
the difference in price levels. 
The Paxton and Marlboro plants have nat been operating long 
enough to make a comparison of t heir s a les with national linen sales 
meaningful. The rate of growth of these new plant s is steep because 
of their initial period of expansion. The national sales gro'Wth is 
more stable due to its long term existence. The Boston end Auburn 
companies which have been operating for a longer time are better 
suited for comparison pt~poses. The period of initial growth has been 
passed prior to the comparison period (1940-1951). 
The rate of growth f or national linen supply sales may be 
compared with growth in Boston and Auburn in terms of percentage 
increase: 
Increase in National Sales 1940-1951 • • 187% 
Increase in Boston's Sales 1940-1951 • • 103% 
Increase in Auburn's Sales 1940-1951 •• 202~~ 
B. Trend Comparison 
The trends in national sales, Boston sales, and Auburn sales, 
Charts 13, 14, and 15, are determined both to reveal the patterns in 
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long-term growth and to lay the groundwork for the computation of 
cyclical variation. All three trends are of the simple straight line 
type. The method of least squares is used to compute trend for 
Boston and Auburn. Since the national figures are not available for 
the years 1941-1944. no mathematical trend fitting technique· can be 
used. The free hand method is used to locate trend in the national 
sales data. 
The strai~ht line trend fits the Boston and national series 
rather well. the fluctuations about it being few and small in ampli-
tude. The fluctuations about the Auburn trend are greater. However • 
the straight line trend is the best fit possible. 
All three sales trends are driven upwards by increased 
prices. Many of the values exceed the trend ordinates due to the 
prosperous cyclical period from which the values were tah.""en. 
The national figures exceed the normal or trend from 1948-
1951, while the sales of the Boston and Auburn plants have remained 
below normal durmg the same period. This condition would seem to be 
due to the fact that many companies have raised their linen prices 
sinoe 1948. while United's prices have remained constant throughout 
tlo..is period. 
C. Comparison .£!_ Cyclical Variation 
The cyclical component of each time series is revealed by 
dividing the sales by the trend va:tues. The cyclical relatives have 
been put on a standard deviation basis to facilitate comparison. The 
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business cycles of all three seri es are shown in Chart 16. 
The standard deviations are as follaws: 
National Linen Sales. . . . . 
United Linen - Boston Sales • . . • 4.2% 
United Linen - Auburn Sales • • • .. 7.3% 
From the preceding it is evident that although the sales in 
Auburn showed a greater percentage increase f'rcm 1945 to 1951. the 
deviation of sales vvas greater than either Boston's sales or national 
sales. This is quite signifioant, because it appears Auburn's growth 
has been slightly overstated, since sales were higher than- average in 
1951. Observa.tion of Chart 16 shows us that a great deal of this 
deviation has been below normal. Boston and Nai;ional sales deviate 
less and the direction of t he deviation is for the most part above 
normal. 
The correlation between the three business cycles has been 
computed with the following results: 
Boston and u. s. Sales . . 
Boston and Auburn Sales. • • • 
Auburn and u. S. Sales • e • • 
. . 
. . 
• • 
r : + .37 
r = + .55 
r • + .64 
Fra.m this it may be seen that there is some direct correlation between· 
Boston and U. S. sales and between Boston and Auburn sales. There is 
more correlation between Auburn's sales ru1d national sales, although 
this is not highly significant. The general cyclical pattern of the 
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series is s~ilar and serves as a good check for United's sales in the 
future. 
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A. COPD"""TAT ION OF PRICE JNDEXES FOR USE IN ADJUST L'W S.A.IES 
Since our original series, sales. is expressed in dollar 
units, it is nat a valid indicator of volume of linen served due to 
distortion caused by the changing price of linen . The series can, 
however'· be converted to volume of business by a p1·ocess termed 
"deflation". When sales are divided or "deflatedn by an appropriate 
index of linen prices, we have arrived at a volume of business series . 
Volume of business in this case would be quantity of linen served. 
Tlrls process may be sh~m algebraically, since sales are the result 
of the price of linen times the quantity rented ors 
Wben P x Q is divided by an index of price (P), a quantity series is 
obtained: 
In the linen supply industry price indexes have only re-
oently been co.mputed. It is, therefore, necessary to construct price 
indexes for the tl~ee periods in which linen prices were increased. 
Prices were constant from 1921 to 1940, but increases took place 
January 1, 1941, December 14 , 1946. and Hay 1, 1948. 
The weighted geo.metric mean of percentage relatives has 
been selected as the best method ibr computing the price index . The 
geometric mean is used, because of its superiority over the other 
measure of central tendency in averaging ratios. The sample for linen 
prices consist of the four basic commodities of linen; namely coats, 
aprons, tDWels, and dresses. The major part of the company's earnings 
is derived from the rental of these four commodities. 
In constructing t he index numbers each quoted price has been 
reduced to a percentage relative, with referenoe: to the price of the 
same commodity at the base date, (see Tables IV and V). These per-
centage · relatives must be multiplied by value weights in order to ~ive 
each relative its proportionate influence in the index numbers. Value 
weights represent the dollar's worth of each co.mmodity and, as such, 
are the result of the price of the commodity multiplied by the qua.n-
tity . Due to the inability to obtain quantity figures, arbitrary 
value weights are used. In using value weights only approximate 
* accuracy is necessary. These weights have been arrived at by the 
management of United Linen Service. (see Table VI). 
With the value Weights and the percentage. relatives obtained, 
the index numbers for each territory are computed. In computing the 
weighted geometric mean of relatives the logarithm of each percentage 
relative is muli;;iplied by the given weight, and the sum of these 
weighted logarithms is divided by the sum of the weights. The result 
is the logarithm of the desired index. A single relative being 
p 
represented by the symbol - • and W representing waight, the for.mula p 
for the weighted geometric mean is: 
* 1, P• 603. 
I 
log Mg : W 1 log (~ 1 ) + W2 log Po 
,P~ 
log ~~/) •••••• 
L.W 
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1921 
CommoditieE Price 
Coats .20 
Aprons .075 
Taw·e1s .o1 
Dresses .30 
·-
1921 
Conrrnodities Price 
Coats .20 
Aprons .075 
l Towels .01 
Dresses .30 
TABIJ~ IV: LDJEN PRICES AND PRICE RELA.TIVES 
UNITED LINEN SERVICE, ~~ ENGLAND~-~ 
BASE PERIOD 1921-1940 
- -
-
1940 1941 
-
1946 1947 
Relative Price Relative Price ;Rel~.tive 
·-
100 .25 125 .30 150 
100 .10 133.3 .13 173.3 
100 .0125 125 .015 150 
100 . • 35 116.7 .40 133.3 
TABLE V: LINEN PRICES MID PRICE RELATIVES 
DpiT~ ~N SERVICE,~ ENGLAND 1921-~ 
BASE PERIOD 1941-1946 
-
-
1940 1941 
-
1946 1947 
Rele.tive Price Relative Price Relative 
80 .25 100 .30 120 
75 .1o 100 .13 130 
80 .0125 100 .015 120 
86 .35 100 .40 114 
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1948 
-
1951 
Price Relative 
.35 1'15 
.15 200 
.01'15 175 
.45 150 
I 1948 
-
1951 
Price Relative 
.35 140 
.15 150 
.0175 140 
.45 129 
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The base period for Boston's index of prices in 1921 to 
1940, while Auburn's is 1937 to 1940. Marlboro and Paxton L~dexes 
are computed tf1ice; once ~th 1921 to 1940 as the base period and once 
wit h 1940 to 1946 as base. They are based on 1921 to 1940 for use in 
the all New England series, which is based on the latter period. When 
they are treated individually, the base 1940 to 1946 simplifies the 
work and is more realistic, since both plants vrere opened during this 
time ~ 
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B., LEAST SQUARES METHOD TREliD COHPUTAT IONS 
A trend line computed by the method or least squares is such 
that the sum of the squares of the deviations of the observed values 
a b out i·t is a. minimum. For this reason the least squares trend line 
is often called the "line of best fit1~ 
Usually the term "least squares line8 refers to a straight 
line, although the method is used to express more complex variations 
which take other forms . The expression for the straight line is 
v~itten as follows: 
Yo = a + b X 
in which Yc symb olizes the ordinates of trend, that is the computed 
values of the trend; a is the value of t he line at its origin; b is 
the typical growth or decline in X units of time; and X represents 
time, in this case one year. 
When the method of least squares is employed, the task of 
obtai ning an expression for an arithmetic straight line trend is 
found by comput i ng values of a and b from the following two equations s 
a. : LY b : L Y v 
_, ~
N L.X2 
In these equations Y represents t he original ordinate values in the 
time series and N is the number of values . 
In using the least squares method to fit a second degree 
parabola to the data the followin g is the trend qquation: 
71 
2 
Y0 • a + b X + c X 
The values of the unlmown a, b, and c are obtained t:ru-ough the 
solution of three normal equations: 
'i:..Y = Na -t c 2: r 
L..XY = b r.. X2 
I x2y = a 2: x2 + o 2 x 4 
If, as in the case of the New England data (Table VII), 
a geometric straight line is described when t he figures are plotted 
on a semi-logarithmic paper, the following equation expresses the 
relationship: 
log Y0 • log a + l og b X 
In solving for a and b the normal equations are: 
log a - £ lo~ Y 
-
N 
log b - ~ {X log Y) 
- 1: .x2 ---
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Year y 
. 
1944 54,133 
1945 82,797 
1946 114,262 
1947 126,723 
1948 ' 117,498 
1949 116,475 
1950 122,894 
1951 143,465 
. Total 878,247 
1952 
1953 
1954 
1955 
1956 
TABLE X: LEAST SQUARES TREND FIGURES 
UNITED LINEN SERVICE 1 .!:._~ ~-~ 
Y0 = 109,780.88 + 4900.14X 
X x2 XY bX 
- 7 49 -378,931 -34,300.96 
- 5 25 -413 ,985 -24,500.69 
- 3 9 -342,786 -14,700.41 
- 1 1 -126,723 - 4,900.14 
1 1 117,498 4,900.14 
3 9 349.,425 14,700.41 
5 25 614,470 24,500.69 
7 49 1,004,255 34,300.96 
0 168 + 823,223 0 
-9 81 44,101.23 
11 121 53,901.51 
13 169 63,701.78 
15 225 73,502.01 
17 289 83,302.33 
-
76 
Yc 
75,479.92 
85,280.18 
95,080.47 
104,880.74 
114.,681.02 
124,481.29 
134,281.57 
144,081.84 
153,882.11 
I 
163,682.39 
173,482.66 
183,282.89 
I 193,083.21 
C. TTIE RATIO TO :M:OVTirG-AVERAGE C()..IT'U'I'ATIOUS 
This method is based upon the principle that a moving aver-
age will smooth out any variations which are uniform both in duration 
and amplitude, if the term of t he moving average is equal to, or an 
* integral multiple of the period of variation. We know that the 
seasonal variation is twelve months lang because of t he forces that 
produce it. Hence it is a variation of uniform duration and meets 
this requirement of a moving average. 
Vfhat exactly does the moving-average represent? In the 
first place a twelve month moving-average does not el~~nate the trend 
fram the series. Secondly, since t he business cycle inf luence has 
been shown to last fram four to ten yeers, its influence is not elim-
inated. Short-run irregular influences have, hOVTever, been ironed 
out. Therefore, the twelve month moving-average of monthly data is 
influenced mainly by trend and cycle factors. It should approxnruate 
a trend-cycle line. 
The camputation of the tvrolve~onth moving-average begins as 
does any moving average. A total is made of the twelve months, for 
example, in the New England data (Table XI) July 1943 through June 
1944 to secure the first ·l;ota.l for January 1944 of 475,384.. This 
result is divided by twelve to secure the average of 39,614. Then 
the firs t month , July 1943 is dropped and the next month, July 1944 
•z, p .. 329. 
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TABlE XI: NEW ENGLAND SEASONAL VARIATION 
RATIOS TO MOVING AVERAGE 1944-1947 
---
-·-----·1--Adjusted I 12 Month 12 Month Centered I Per I I Month Sales Sales Average Average Cent 
1944 I I January 36,975 475,384 39,614 39,861 92 .a f 
February 41,753 481,302 40,107 40,509 103.1 
March 41,765 490,950 40,911 41,183 101.4 
April 38,881 497,480 41,455 41, 792 93 .o 
May 43,964 505,556 42,128 42,416 103.6 
June 45,483 512,467 42,704 42,850 106.1 
July 40,869 515,958 42,995 43,436 
I 
94.1 
August 45,621 526,540 43,877 44,050 103.6 
September 44,598 530,689 44,222 44,569 100.1 
October 45,35? 538,905 44,907 45,307 100.1 
November 46,536 548,498 45,706 45,966 101.2 
December 44,156 554,731 46,226 46,454 95.1 
1945 
January 47,557 560,202 46,682 47,075 101.0 
February 45,902 569,641 47,468 47,775 96.1 
March 49,981 576,991 48,081 48,237 103.6 
April 48,474 580,739 48,393 48,802 99.3 
May 50,197 590,556 49,211 49,408 101.6 
June 50,954 595,289 49,605 49,871 102.2 
July 50,308 601,653 50,136 50,428 99.8 
August 52,971 608,656 50,719. 51,084 103.7 
September 48,346 617,405 51,448 51,639 93.6 
October 55,174 621,982 51,830 52,285 105.5 
November 51,269 632,903 52,740 53,158 96.4 
December 50,520 642,923 53,575 53,748 94.0 
1946 
January 54,560 647,083 53,921 54,234 100.6 
February 54,651 654,575 54,546 54,785 99.8 
March 54,558 660,310 55,024 55,471 98.4 
April 59,395 671,042 55,918 56,284 105.5 
Ma.y 60,219 679,821 56,649 57,154 105.4 
June 55,112 691,938 57,659 58,077 94.9 
July 57,800 701,970 58,495 58,883 98.2 
August 58,706 711,277 59,271 59,607 98.5 
September 59,078 719,328 59,942 60,183 98.2 
October 63,953 725,113 60,424 60,729 105.3 
November 63,386 732,431 61,033 61,289 103.4 
December 60.562 738,560 61,544 61.988 97.7 
1947 
January 63,867 749,209 62,432 62,881 101.6 
February 62,702 759.981 63,329 63,543 98.7 
March 60,343 765,111 63,757 64,097 94.1 
April 66,713 773,273 64,437 64,664 103.2 
May 66.348 778,710 64.890 i 64,752 102.5 June 65,761 775.391 64,613 64,739 101.6 
July 68,572 778,406 64,865 64,408 106.5 
August 631836 767,432 63,950 63,669 
I 
100.3 
September 67,240 760,682 63,388 63,362 106.1 
I October I 69,390 760,060 63_,336 63,141__1 109.9 I November 60,067 
' 
755,431 62,950 
I 
62,724 95.8 
December 63.567 I 749,991 62,497 62,551 101.6 --- __ ___ _ _  !. 
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TABLE XII: NEW ENGLAND SEASONAL VARIATION 
RATIOS TO MOVDJG AVERAGE 1948-1950 
I Adjusted 12 Month 12 Month Centered I I 
!v'!: onth Sales Sales Average Average Per Cent 
1948 
January 52,893 751,281 62,604 62,385 84.8 
February 55,952 746,022 62,166 62,134 90.1 
March 59,721 745,258 62,102 61,989 96.3 
April 62,084 742,526 61,8'75 61,463 101.0 
May 60,908 732,638 61,051 61,196 99.5 
June 67,051 736,107 61,340 61,301 109.4 
July 63,313 735,178 61,262 61,366 103.2 
August 63,072 737,669 61,470 61,549 102.5 
September 64,508 739,552 61,627 61,686 104.6 
October 59,502 740,966 61,745 61,688 96.5 
November 63,536 739,600 61,631 61,789 102.8 
December 62,638 743,395 61,947 61,959 101.1 
1949 
January 55,384 743,687 61,971 61,929 89.4 
February 57,836 742,672 61,887 62,082 93.2 
March 61,134 747,348 62,277 62,330 98.1 
April 60,718 748,617 62,382 62,407 97.3 
May 64,703 749,214 62,432 62,363 103.8 
June 67 ,343· 747,555 62,294 62,166 
I 108.3 July 62,298 744,470 62,037 62,132 100.3 
August 67,748 746,746 62,226 62,262 108.8 
September 
I 
65,777 747,608 62,298 62,302 105.6 
October 60,099 747,699 62,306 62,190 96.6 
November 61,877 744,915 62,074 62,169 99.5 
December 59,553 747,188 62,263 62,406 95.4 
1950 
January 57,660 750,616 62,549 62,586 92.1 
February 58,698 751,511 62,623 62,7'75 93.5 
March 61 .. 222 755,160 62,927 62,947 97.3 
April 57,937 755,637 62,967 63,262 91.6 
May 66,976 762,716 63,557 63,804 105.0 
June 7011771 768,637 64 .. 051 64,254 110.1 
July I 63,193 773,510 64,457 64,884 97.4 August I 71,397 783,749 65,310 65,680 I 108.7 
September 66,254 792,629 66,050 66,392 I 99.8 
I 
October 67,1'78 800,840 66,734 6'7,266 99.9 
November 67,798 I 813,611 67,798 68,249 99.3 
December 
I 64,426 I 824,418 68,699 68,879 I 
93.5 
! 
i 
___._ 
added, and so on as the totals and averages move forward in time. 
It is necessary to perform one more step to center tl~ 
average. In this case when the first twelve-month total is taken for 
the period J uly 1943 to Jnne 1944, the average falls at the middle of 
this period. This means January 1, 1944. But data which are typical 
of a month should represent the middle of the month. Therefore • it 
is necessary to find the value of the moving average for January 15. 
This is done by adding the first two moving averages and dividing b;',r 
two. Thus when the value fall i ng on Janua ry 1 is added to the value 
falling on February 1 and the sum divided by two (39614 + 40107). the 
result, 39861, is the centered moving average falling on January 15. 
Calculation of Seasonal Indexes 
This method is referred to as the •ratio to moving-average" 
method, because the next step is to divide the original ser i es by the 
twelve -month centered moving averageo This has been done and a 
series of ratios are the result. 
It has been stated that seasonal and irregular influences 
have been smoothed out by the moving average, but that trend and 
cyclical effects remain. We may view thetwelve month moving aver-
a ge as aT x c. Consequently, when the original data are divided by 
the centered twelve month moving average we get: T x S x C x I -T X c -
S x I. In otre r words we have eliminated trend and cycle and m ve 
obtaL~ed ratios of seasona l and erratic influences. 
The next step has a two-fold objec t i ve: (1) to eliminate 
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fram these ratios the influence of erratic factors, and (2) to 
minimize any error which may be present i n the calculation of t he 
ratio f or any one month. Since it is desired to secure a typical 
seasonal index , we must take an average of these ratios. Errors which 
are random in nature will cancel out when an average is takeno The 
arithmetic mean of monthly ratios is taken in hopes of eliminating 
irre gular fluctuations and obtaining pure seasonal indexes. 
After these means have been obtained, only one step remains. 
This involves l eveling the indexes in order that 100 per cent \r.ill 
represent t he average seasonal. This consists of making the average 
of the monthly ratios equal t o 100. It is accomplished as follows: 
t he pos i tional means are added to gether. If they total 1200 their 
mean is already 100 and no leveling is necessary. If the to +al ie 
an;.rthing other than 1200, it is di vided by twelve to secure the aver-
age of the indexes and t hen each index is divided by this average. 
When the leveled indexes are added together • their total will be 1200, 
or very close to that value. This is U1e last step in the calculation 
of seasonal indexes. 
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D. COMPUTATION OF CYCLICAL VARIATION 
Since the cyclical variation in annual terms is desiredJtlw 
movement of the series is explained in terms of T x C x I rather than 
T x S x C x I. When annual totals are used, the effect of the 
seasonal variation appearing vdthin a single year is lost. Therefore , 
t 1 d t by t d ha T X c X I . by dividing he annua a a ren , we ve ~----, which equals 
C x I. This is a measure of the influence of the business cycle and 
irregular variations. 
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TABLE XIII: CYCLICAL VARIATION . 
UNITED LINEN SERVICE, l:-IEVl ENGLAND 1921-~ 
Adjusted Trend Cyclical 
Year Sales Ordinates Relatives , 
1921 141,562 137,335 103.08 
1922 144,166 143,888 100.19 
1923 173,950 150,566 115.53 
1924 179,259 157,657 113.70 
1925 200,752 165,109 121.59 
1926 224,258 172,893 129.71 
1927 182,837 181,015 101.01 
1928 175,733 189,544 92.71 
1929 187 ,6rt 198,476 94.53 
1930 197,901 207,861 95.22 
1931 208,535 217,625 95.82 
1932 190,181 227,878 83.46 
1933 188,185 238,617 78.86 
1934 222,240 249,860 88.95 
1935 228,845 261,636 87.47 
1936 258,804 273,968 94.47 
1937 292,163 286,876 101.84 
1938 292,402 300,395 97.34 
1939 303,125 314,548 96.37 
1940 310,446 329,373 94.25 
1941 275,866 344,892 79.99 
1942 324,103 361,143 89.74 
. 1943 342,086 378,162 90.46 
1944 409,490 395,983 103.41 
1945 481,460 414,642 116 .n 
1946 562,938 434,185 129.65 
1947 561,666 454,644 123.54 
1948 516,338 476,068 108.46 
1949 494,439 498,501 99.19 
1950 511,893 521,993 98.07 
1951 576,477 546,589 105.47 
/ 
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TABU: XIV: CYCLICAL VARIATION 
UNITED LTIN~N SERVICE, BOSTON 1921-1951 
-
Adjusted Trend Cyclical 
Year Sales Ordinates Relatives 
1921 141,562 158,095 89.54 
1922 144,166 163,329 88.27 
1923 173,950 168,562 103.20 
1924 179,259 173,795 103.14 
1925 200,752 179,029 112.13 
1926 224,258 184,262 121.71 
1927 182,837 189,495 96.49 
1928 175,733 194,729 90.24 
1929 187,617 199,962 93.83 
1930 19?,901 205,195 96.45 
1931 208,535 210,429 99.10 
1932 190,181 215,662 88.18 
1933 188,185 220,895 85.19 
1934 222,240 226,129 98.28 
1935 228,845 231,362 98.91 
1936 258,804 236,595 109,39 
1937 279,388 241,829 115.53 
1938 265,158 247,062 107.32 
1939 263,139 252,295 104.30 
1940 263,781 267,529 102.43 
1941 230,310 262,762 87.65 
1942 269,717 267,995 100.64 
1943 266,925 273,228 97.69 
1944 293,869 278,462 105.53 
1945 320,370 283,695 112 ,93 
1946 336,827 288,928 116.58 
1947 313,110 294,162 106.44 
1948 287,179 299,395 95,92 
1949 267,427 304,628 87.79 
1950 271,344 309,862 87.57 
1951 301.083 315,095 95.55 
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TABLE XV: CYCLICAL VARIATION 
,-- - - ---
Adjusted Trend Cyclical 
Year Sales Ordinates Relatives 
1938 27,244 30,580 89.09 
1939 39,986 I 37,471 106.71 I 1940 46,665 43,756 106.65 
I 1941 45,556 I 49,390 92.24 1942 54,386 54,508 - 99.78 
1943 56,956 58,976 96.57 
1944 72,658 62,838 115.63 
1945 62,401 68,745 90.77 
I 1946 I 71,973 70,790 101.67 1947 77,588 I 72,229 107.42 
1948 69,524 73,063 95.16 l L 1949 67,074 73,291 91.52 1950 69,284 72,913 95.02 I I 1951 79,229 71,929 110.15 I 
TABLE XVI: CYCLICAL VARIATION 
UNITED LHJ"EN SERVICE, PAXTON ~-195! 
- - ,- ---- - -1 
I Trend Cyclical j Year Sales Ordinates Relatives 
1944 54,133 75.,479.92 71.72 I 1945 82,797 85,280.18 97.09 
1946 114,262 95,080.47 120.17 
1947 
I 
126 ,723 104,880.74 120.83 
1948 117,498 114 ,681 .02 102.46 l 
1949 116,475 124,481.29 93.57 I 
I I LE50 I 
122,894 134,281.57 91.52 
951 143,465 144 ,081.84 99.57 1 
I 
I 
I 
---------
E • TIME SERIES ANALYSIS OF DOLLAR SALES 
These computations are used to facilitate comparison of 
the United Linen Service sales with national linen service sales. 
No adjustment has been made for price variation. because it is im-
possible to adjust national sales for price. 
Initially trend is computed for Boston and Auburn by the 
method of least squares. Trend ordinates have already been obtained 
for national sales from a free hand trend f'i tting. Tables XIX ll XX, 
and XXI depict the computation of cyclical deviations by dividing 
out the trend influence and expressing the series in terms of standard 
deviation units. 
86 
--
Year 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
I Total 
Year 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
Total 
TABlE XVII: lEAST SQUARES SALES FIGURES 
UNITED LINEN SERVICE, BOSTON ~-~ 
Y0 = 407,316 + 11,843X 
x2 
,--
Sales X XY 
263,781 -11 121 -2,901,591 
290,191 
- 9 81 -2,611,719 
339,844 
- 7 49 -2,378,908 
336,325 
- 5 25 -1,681,625 
370,275 
- 3 9 -1,110,825 
403,666 
- 1 1 
-
403,666 
424,402 1 1 424,402 
479,059 3 9 1,437,177 
485,307 5 25 2~426,535 
476,020 7 49 3,332,140 
482,993 9 81 4,346,937 
535,927 11 121 5,895,197 
4,887,790 I 0 572 6,r774.t054 
bX 
-130,273 
-106,587 
- 82,901 
- 59,215 
- 35,529 
- 11,843 
11,843 
35,529 
59,215 
82,901 
106,587 
130,273 
TABLE XVIII: LEAST SQUARES SALES FIGURES 
Sales 
46,665 
57,400 
68,526 
71,764 
91,549 
78,625 
90,686 
118,710 
118,039 
119.,392 
123,326 
141,029 
1,125,711 
UNITED LINEN SERVICE, AUBURN ~-1951 
Yo : 93,809 + 4043X 
X x2 XY 
-11 
I 
121 
-
513,315 
- 9 81 
-
516,600 
- 7 49 
-
479,682 
- 5 25 - 358,820 
- 3 9 - 274,647 
I - 1 1 - 78,625 1 1 90,686 
3 9 356,130 I 
5 25 590,195 
7 49 835,744 
9 81 1,109,934 
11 121 1,551,319 
0 572 2,312,319 
bX 
- 44.,473 
- 36,387 
- 28,301 
- 20,215 
- 12,129 
4,043 
4,043 
12,129 
20,215 
28,301 
36,387 
44,473 
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Yo 
277,043 
300,729 
324,415 
348,101 
371,787 
395,473 
419,159 
442,845 
466,531 
490,217 
513,903 
537,589 
Yo 
49,336 
57,422 
65,508 
73,594 
81,680 
89,766 
97,862 
105,938 
114,024 
122.,110 
130,196 
138,282 
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TABLE XIX: CYCLICAL DEVIATIONS OF SALES 
UNITED LINEN SERVICE, BOSTON 1945-1951 
--
Trend Cyclical Deviations Cyolioal 
Year Sales Ordinates Relatives Deviations Squared Deviations 
1945 403,666 395,473 102 2 4 .48 
1946 424,402 419,159 101 1 1 .24 
1947 479,059 442,845 108 8 64 1.90 
1948 485,307 466,531 104 4 16 .95 
1949 476,020 490,217 97 -3 9 
- .71 
1950 482,993 513,903 94 -6 36 -1.43 
1951 535,927 537,589 100 0 0 0 
Total -6 130 
TABLE XX: CYCLICAL DEVIATIONS OF SALES 
UNITED LTIJEN SERVICE, AUBURN 1945-1951 
-
Trend Cyclical Deviations Cyclical 
Year Sales Ordinates Relatives Deviations Squared Deviations 
1945 78,625 89,766 88 -12 144 -1.64 
1946 90,686 97,852 93 
- 7 49 - .96 
1947 118,710 105,938 112 12 144 1.64 
1948 118,039 114,024 104 4 16 .55 
1949 119,392 122,110 98 
- 2 4 - .27 
1950 123,326 130,196 95 
- 5 25 - .68 
1951 141,029 138,282 102 2 4 .27 
Total 8 386 
TABLE XXI: CYCLICAL DEVIATIONS OF 
NATIONAL LINEN SUPPLY SALES 1945-1951 
Sales Trend Cyolioal Deviations Cyclical 
Year (Millions) Ol"dinates Relatives Deviations Squared Deviations 
. 
-1945 169 182 93 
- 7 49 -1.17 
1946 200 200 100 0 0 0 
1947 240 216 111 11 121 1.83 
1948 258 233 111 11 121 1.83 
1949 267 250 107 7 49 1.17 
1950 274 267 103 3 9 .so 
1951 287 282 102 2 4 .33 
Total 27 353 
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